Hypertension (HTN) is an important risk factor for cardiovascular disease (CVD) affecting more than a quarter of the world's adult population. The aim of this survey was to determine the prevalence of HTN, pre-HTN, and awareness of HTN in an Iranian population, and to assess the factors associated with HTRN and pre-HTN. The MASHAD study started in 2010 and will continue until 2020. The demographic, anthropometric and lifestyle data were collected by two certified health care professionals and a nurse. SPSS software was used for statistical analysis. There were a total of 9762 participants, of whom 40% were males (n= 3903) and 60% females (n= 5859). The means and SD age of the population samples were 48.8 ±8.4 years for the male and 47.6 ± 8.0 years for the female subgroups. Twelve percent (12%) (0.76-0.82) were classified as prehypertensive, 23% (0.17, 0.23) as hypertensive and 65% were normotensive. Of the group that was hypertensive, 55% were individuals with previously undetected HTN. The prevalence of undetected HTN in the sub-group with diabetes mellitus (DM) was 42%; and in those who were current smoking the prevalence of undetected HTN was 54.9%, indicating a high degree of coclustering of cardiovascular risk factors. In an unselected population from NorthEastern Iran, hypertension was common, often undetected and frequently coexisted with other CVD risk factors.
INTRODUCTION
Hypertension (HTN) is a prevalent public health concern and a major risk factor for coronary heart disease (CHD), stroke, and renal disease. HTN affects approximately onequarter of the world's total adult population and it has been estimated that its prevalence will increase to 29% by 2025 (Law et al., 2009) . Optimum management of hypertension can lead to a substantial reduction in the risk of morbidity and mortality (Kearney et al., 2005) .
The World Health Organization (WHO) has estimated that a suboptimal BP (a SBP >115 mm Hg) is globally accountable for 62% of cerebrovascular disease and 49% of ischemic heart disease (IHD) and a major attributable risk factor for death (World Health Report, 2002) . In the developed world, the increase in the prevalence of HTN has been blunted over the past few decades owing to improvements in population screening, generating awareness and control of risk factors (Guessous et al., 2012) . However, the prevalence of HTN in most developing countries is increasing due to lifestyle changes associated with economic growth and urbanization, and is now approaching that of industrialized countries (Ibrahim and Damasceno, 2012) . The current prevalence of HTN in developing countries is estimated to be 22.9% whilst that reported for developed countries is approximately 37.3% (Kearney et al., 2005) .
In order to adequately address this global problem it is
MATERIALS AND METHODS
Participants were recruited as part of the MASHAD study from three areas in the city of Mashhad, in the North East of Iran, using a stratified cluster random sampling method. Every area was divided into 9 locations centered upon Mashhad Healthcare Center divisions. Families were identified via the individuals of qualifying age (30 to 65 years) by the indigenous population authorities and these authorities were used to offer the families information brochures providing detailed information about the study.
Communal leaders who were acquainted with the families in these communities also helped with the identification and enrollment of potential participants. Eligible participants were contacted by telephone to organize an appointment for the physical examination. Non-responders were also contacted and information was sought regarding their demographic and diabetes and hypertension status. This was to reduce the likelihood that the prevalence of these diseases may be underestimated. The demographic, anthropometric and lifestyle data were collected by two expert health care professionals and a nurse, and comprised:
1. Standard health examination and anthropometric measures: weight, height, BMI, waist-to-hip ratio (WHR), and blood pressure. 2. A health-related questionnaire comprising questions on: demographic characteristics, physical activity and tobacco usage) and use of therapeutic and non-therapeutic drugs.
Baseline laboratory investigations
Blood and mid-stream urine sample was collected from all participants. Blood samples were taken between 8 and 10 a.m. by venipuncture from an antecubital vein after 14 h overnight fasting with the subject in a sitting position. Fluoridated tubes were used for collecting blood samples for glucose measurement. The samples were collected into Vacutainer™ tubes (20 ml). All blood samples were centrifuged at room temperature between 30 to 45 min of collection to isolated the serum and plasma and these samples were stored in 6 microtubes (0.5 ml), which were then sent to the Bu Ali Research Institute, Mashhad in an ice box and assayed on the day of blood collection for biochemical analyses. Aliquots of serum were also stored, frozen at -80°C for subsequent analysis. Clinical biochemistry assays were performed using a SYSMEX-KX21 analyzer (BT 3000, USA). Blood samples were used for the determination of, total cholesterol, triglycerides, lowdensity lipoprotein cholesterol (LDL-C) and high-density lipoprotein cholesterol (HDL-C) using routine analyses and the results validated using external national and international quality controls. Glucose and lipid profile measurements were measured using an auto-analyzer (Ependorf, Germany). TC (total cholesterol) and TGs (triglycerides) were determined using enzymatic based methods (Pars Azmon Inc., Iran). HDL-C was measured after precipitation of low-density and very low-density lipoproteins with dextran sulfate-magnesium. LDL-C was calculated from the serum TC, TGs, and HDL-C concentrations expressed in mg/dl using the Friedwald formula (Castelli e al., 1986) if TGs concentration was >400 mg/dl, LDL-C was measured using a direct method.
Height (centimeters) was documented in all individuals without shoes, and weight (kilograms) was measured for contributors in light clothing using electronic weighing scales. BMI was calculated using weight in kilograms divided by the square of the height in meter. Waist (at the level of the umbilicus) and hip (defined as the widest part of the body below the waist) measurements were also taken, and the WHR was calculated.
For blood pressure measurements, the subjects remained seated for 15 min and as a minimum of two readings were taken using a standard mercury sphygmomanometer from individuals who had rested adequately before measurement. The systolic blood pressure was defined by the onset of the first sound (Korotkoff phase 1), and the diastolic blood pressure was defined by the disappearance of the sound (Korotkoff phase 5) throughout deflating the cuff at a 2-3 mm per second decrement rate. If the two readings varied by more than 15 mmHg diastolic or 25 mmHg systolic, a third reading was done. The mean values of the closest two readings were calculated.
Diabetes mellitus was defined by a FBG ≥126 mg/dl, or treatment with an oral hypoglycemic agent or insulin.
Hypertension was diagnosed in persons with systolic blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90 mmHg, and in individual who were previously diagnosed as hypertension subjects based on their past medical history and used anti hypertension drugs (Working Group on Risk and High Blood Pressure - Report, 1985) .
A current smoker was defined as an individual who was smoking cigarettes at a minimum of once a day. Those with raised blood pressure, cholesterol, or with other abnormal findings were advised to undertake further medical followup. Any "alert" findings of conditions that were considered to be medically urgent were reported to the contributor and his or her physician by telephone as soon as they were recognized.
Data management
Data collected at the field centers were communicated to the data bank using Microsoft visual studio. NET software Academia Journal of Scientific Research; Ebrahimi et al. 069 was used for the overall data management in MASHAD study. The data were kept consistent with procedures proposed to maintain confidentiality.
Statistical analysis
SPSS software (version 11.5, Chicago, IL, USA) was used for statistical analysis. Kolomogrov-Smirnov test was used to evaluate the normality of data. Values were expressed as mean ± SD for normally distributed variables. Baseline demographic and clinical characteristics were compared between groups using independent samples t-test, chisquare and/or Fisher's exact test, as appropriate. Regression logistic was used to determine the effect of each parameter on pre-HTN and HTN subjects. To determine the relationship between systolic blood pressure (SBP), diastolic blood pressure (DBP) and other clinical and biochemical parameters, Pearson's Correlation or Spearman's Correlation coefficients were determined, pvalue ≤0.05 was considered significant.
RESULTS

Prevalence of categories of blood pressure
There were a total of 9762 participants, approximately 40% (n=3903) males and 60% (n=5859) females. The means and SD for age were 48.8 ±8.4 years for the male and 47.6 ± 8.0 years for the female subgroups.
As shown in Figure 1 , 12% of the population was classified as pre-hypertensive, 23% as hypertensive and 65% as normotensive. Figure 1 also shows the percentage of males and females who were categorized as having pre-HTN, HTN and undetected HTN. The percentages of females in the Pre-HTN and HTN categories were higher than for males (p<0.01). Again as shown in Figure 1 , 55% of the hypertensive subgroup overall were unaware of their blood pressure status; 66% of men and 46% of women.
The prevalence of undetected HTN in the group with diabetes mellitus was 42%; and in current smokers the prevalence of undetected HTN was 54.9%.
Clinical, demographic and anthropometric data for subjects in different blood pressure categories Table 1 shows the mean and standard deviation for clinical and biochemical parameters in the subgroups with pre-HTN, HTN, Undetected-HTN and normotensive subjects. Age, BMI, WC, WHR and PAL were significantly different between the groups (p<0.01); subjects without HTN were younger than those with established or undiagnosed HTN. Furthermore subjects with HTN significantly had more adipose than those without. 
Associations between SBP and DBP with demographic, anthropometric and laboratory data
To determine the relationship between systolic blood pressure (SBP), diastolic blood pressure (DBP) and other clinical and biochemical parameters, Pearson's Correlation or Spearman's Correlation coefficients were determined. As can be seen from Table 2 , p-value for all factors for both (SBP) and (DBP) were significant, except for HDL-C, respectively (p=0.69, r=0.04) and (p=0.97, r=0.06) for (SBP) and (DBP). For this set of data, Spearman's coefficient was highest for age (rSBP=0.36, rDBP=0.27) in both (SBP) and (DBP).
In Table 3 , we show the results of binary regression logistic analysis, which was used to determine the effect of each parameter on pre-HTN and HTN. Table 4 shows that several factors, including measures of adiposity, glucose tolerance and lipid status, had a significant effect on HTN. Gender, age, weight, BMI, WHR, FBG, HDL-C and current smoking habit were significant (p<0.05). For Pre-HTN age, weight, WC and WHR p-values were significant (p<0.05). Table 4 shows demographic characteristics of the normotensive, Pre-HTN, undetected HTN and HTN subjects. It is apparent from this table that there was a significant (p<0.01) difference between the four BMI and marital status sub-groups and also it can be seen for employment status between subjects (p<0.01).
A step wise multiple regression was undertaken to determine the factors that predict systolic BP from age, waist circumference, FBG, weight, current smoking habit, TG and HDL-C. These variables statistically significantly predicted systolic BP, F (9, 5879) = 154, p<0.001, R 2 = 0.191. All variables added significantly to the prediction, (p < 0.05).
A step wise multiple regression was undertaken to predict diastolic BP from age, waist to hip ratio, FBG, weight, current smoking, TG and HDL-C. These variables significantly predicted blood diastolic, F (8, 5875) = 110.7, Academia Journal of Scientific Research; Ebrahimi et al. 070 p<0.001, R 2 = 0.131. Again all variables added significantly to the prediction, (p < 0.05). shown in Tables 5 and 6 .
Independent determinants of SBP and DBP
DISCUSSION
This survey was undertaken primarily to determine the prevalence of HTN, pre-HTN and undetected HTN together with their determinants among the population of Mashhad. This is the first population-based survey to provide data on the prevalence of hypertension and its associated determinants in this population. We found that 23% and 12% of the Mashhad population have HTN and pre-HTN, respectively. Of the population who had HTN, 41.3% were men and 58.7% women. Azizi et al. (2002) showed that the prevalence of HTN in 60-69 years old people was 62.2 and 47.3% in women and men, respectively. The reported prevalence of HTN in the Asian Pacific region varies from 5-47% in males and 7-38% in females (Lawes et al., 2004 ). This discrepancy may be related to the population samples investigated and to the variations in genetic and lifestyle determinants of blood pressure and also when the survey was undertaken. The high frequency of HTN in the elderly can be attributed to changes in age-related vascular compliance of the conductance arteries which contributes to isolated systolic HTN and extended pulse pressure (Dobrin, 1978) . Furthermore, with regard to gender, the results of our study indicate that females had a higher prevalence of isolated high systolic blood pressure and lower prevalence of high diastolic blood pressure compared to males. The SHEP (Systolic Hypertension in the Elderly Program) study revealed that this form of high blood pressure is more prevalent in the elderly, and particularly in females (SHEP Cooperative Research Group, 1991) .
Undetected Hypertension
One interesting finding was that 66% of men and 45% of women diagnosed with HTN were unaware of their condition. This is consistent with the results of the NHMS III study (Third National Health and Morbidity Survey, 2006) . Among the diabetic subpopulation, 42% were unaware of their HTN. HTN is often not detected because of the absence of a screening program and the lack of obvious symptoms (Rimm et al., 1995) . Screening for HTN is the best tool for the identification of the affected individuals, in particular those at the prehypertension stage, and enables the application of early lifestyle and pharmaco-therapeutic measures in order to prevent HTN-associated morbidities including cardiovascular, cerebrovascular and chronic kidney disease (World Health Organization, 2004) .
Studies from low and high-income countries have shown that women are usually more aware of their HTN. A plausible reason for this is a greater degree of surveillance of women because of maternal and child health programs (Harrison and Marshall, 2006) .
Hypertension and anthropometric features
Adiposity is an established risk factor for HTN, appearing to have an impact on HTN for a BMI as low as 23-25 kg/m 2 (Harrison and Marshall, 2006) . In a study based in Taiwan, using logistic regression model, HTN was reported to be related to aging and BMI (Tsai et al., 2007) .
We found that HTN was equally prevalent among those who were overweight and obese. Lifestyle changes associated with urbanization are likely to be important factors in the development of HTN. Furthermore as the life expectancy increases in developing countries and a greater proportion of the inhabitants become urban dwellers, the overall prevalence of HTN and other cardiovascular diseases is likely to rise (Walker et al., 2010) . The migration of people from rural areas to an urban setting is associated with an increase in blood pressure, body weight, pulse rate, and urinary sodium-potassium ratios suggesting a marked change in diet and an increased autonomic nervous system activity that could contribute to the higher blood pressure found (Poulter et al., 1990) .
The relationship between obesity and hypertension is well established both in adults and children (Law et al., 2009; Kearney et al., 2005) . The mechanisms by which obesity causes hypertension are still an area of research. Activation of the sympathetic nervous system (SNS) has been considered to have a crucial function in the pathogenesis of hypertension among obese individuals; however there is also evidence of high muscle SNS activity in obese subjects (Grassi et al., 1995) . High-caloric intake increases nor-epinephrine turnover in peripheral tissues raises resting plasma nor-epinephrine concentrations and amplifies the rise of plasma nor-epinephrine in response to stimuli such as upright posture (Landsberg and Krieger, 1989) . A high dietary content of fat and carbohydrate has been suggested to acutely stimulate peripheral α-and β-adrenergic receptors, leading to elevated sympathetic activity and hypertension (Rocchini et al., 2004) . Overweight and obesity are associated with alterations in nutritional and physical activity levels, which are regularly the consequence of urbanization and social modifications connected to improvement and absence of reassuring strategies in health and supplementary associated areas (Malaza et al., 2012) .
Hypertension and clinical and biochemical features
There was a significant negative association between SBP and DBP with physical activity levels (PAL). Dimeo et al. (2012) have also previously reported that aerobic exercise decrease BP in resistant HTN. Moreover Tringler et al. (2012) showed a close association between inactive lifestyle and the development of hypertension.
We found a negative association between raised BP and HDL-C level. However, results show that there were a positive and significant relationship between biochemical and clinical elements with SBP and DBP.
The logistic regression analysis revealed a strong positive association between age, FBG, HDL-C, weight and WHR with the risk of HTN.
We found that WC but not BMI was strongly associated with the risk of HTN and pre-HTN. This is consistent with a report from Beijing that suggests that BMI may be a stronger predictor than WCfor HTN (Hou et al., 2010) .
Central adiposity probably correlates better with diabetes and CVD risk than overall adiposity.
Physical activity is another factor that powerfully impacts BP. Adolescents with higher levels of physical activity have fewer risk factors for cardiovascular disease, including high blood pressure and adiposity (Ribeiro et al., 2004) . We found a strong association between physical inactivity and both SBP and DBP. Our results are consistent with previous reports. Aerobic exercise lowers blood pressure and improves blood pressure control among overweight adult subjects (Miller et al., 2002) , and a modest weight loss of 3-9% is associated with a significant reduction in systolic and diastolic blood pressure of approximately 3 mmHg in overweight people (Hermansen, 2000) .
Hypertension and demographic characteristics
Overwhelming evidence supports the conclusion that cigarette smoking causes excess adverse cardiovascular events (Jonas et al., 1992) and acts synergistically with hypertension and dyslipidemia to increase the risk of coronary heart disease (Kannel, 1977) . In addition to the well-established effects of smoking on BP and endothelial function (Rahman and Laher, 2007) , smoking also causes an acute increase in blood pressure (BP) and heart rate, and has been found to be associated with malignant hypertension (Tuomilehto et al., 1982) .
Marital status also appears to be a risk factor for HTN. This is consistent with some other studies that concluded that this may be due to psychosocial factors affecting biological, neuroendocrine and immune systems (Cappell et al., 2001) . Previous surveys have suggested that being single or widowed may contribute to cardiovascular risk. However these data may be partially confounded by age or other associated factors (Eaker et al., 2007) .
CONCLUSION
In our unselected random population from North-Eastern Iran, hypertension and pre hypertension are common; undetected hypertension is common particularly among women and there is a co-clustering of cardiovascular risk factors.
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